Using a pulsed-hollow-cathode discharge, we have observed the emission spectra of core-excited levels of Na I and Mg II. Line identifications and implications for extreme-ultraviolet lasers are discussed.
INTRODUCTION
As noted in an early paper by McGuire,' certain of the energy levels of Na I and Mg II that lie above a lower continuum and that have reasonably large radiative yields are of potential interest for the construction of extreme-ultraviolet (XUV) lasers. Depending on the speed of the excitation source relative to the Auger transition rate of the level, these levels may be excited either directly 2 or by store and transfer 3 from a metastable level.
During the past several years we have developed a pulsedhollow-cathode discharge 4 that operates at a ground-level atom density of several Torr and that produces large densities of core-excited metastable atoms. Using this discharge, Holmgren has measured populations of 1011 atoms/cm 3 3 /2 levels of Na (Ref. 5) and in turn has used laser-induced fluorescence from these levels to develop a Grotrian diagram 6 for the three lowest configurations of the Na quartet system.
In this paper we give the results of a series of experiments in which a similar hollow-cathode discharge is used to take the XUV emission spectra of Na and Mg II. The results complement the Holmgren research and also help to define XUV laser systems in these elements. Section 2 describes the experimental apparatus; Section 3 gives the emission spectra; line identifications are discussed in Section 4; and the implications for laser systems are discussed in Section 5.
EXPERIMENTAL APPARATUS
A schematic of the experimental apparatus is shown in Fig.  1 . The radiation source consisted of a pulsed-hollow-cathode discharge similar to that described in Ref. 4 . The discharge was run at a peak current of about 200 A, a peak voltage of 1 kV, and a pulse length of 4 sec. The repetition rate was 100 Hz. For most operating conditions a dc simmer current of 5 mA was used to stabilize the discharge.
For the Na spectra the tube was run at 500°C with a He buffer of 1 Torr and a 304 stainless-steel cathode 1.3 cm in diameter and 5 cm long. Heat piping in Na is easily achieved, leading to a vapor zone whose pressure was equal to that of the He buffer gas that was used. The relatively high photoabsorption of He in the 400-nm region required that we run at the lowest possible buffer-gas pressure. This was found to be about 1 Torr.
For observation of the Mg II spectra an Ar buffer gas at a pressure of 2 Torr was used. Heat piping is difficult to achieve in Mg since its melting and boiling points are quite close, causing the Mg to solidify at the ends of the tube rather than to recirculate. The tube would thus periodically be depleted, necessitating reloading when run with a stainless-steel cathode. In order to avoid this problem and extend the running time of the source, some scans were made using a Mg cathode (3.8 cm long X 1 cm i.d.) with a dc simmer current of 0.5 A, which both heated the cathode evaporating the Mg and caused sputtering of the Mg. Ground-state densities between 1015 and 1016 were measured by using this method.
Radiation from the plasma entered the spectrometer through a 150-nm thick Al-Si filter mounted on electroformed Ni mesh (Luxel Corporation, Friday Harbor, Washington). This filter was used to isolate the high vacuum of the spectrometer from the heat-pipe oven. The filter has a transmission of -50% between 18 and 40 nm. A McPherson Model 247 2.2-m grazing-incidence scanning monochromator evacuated to 10-7 Torr and equipped with a 300-line/mm grating blazed at 2.40 was used to gather the data. The detector was an EMI D233 windowless electron multiplier with the first Be-Cu dynode used as a photocathode. This detector has a quantum efficiently of 4% at 25 nm and 10% at 38.8 nm. 7 It was typically run at a voltage of 3500 V, yielding a gain of 5 X 106. The output of the detector was amplified and for the Mg scans was collected using a gated integrator (Stanford Research Systems Model SR250) and recorded on a strip-chart recorder. For the Na scans the detector output was amplified and the resulting photon pulses were counted using a discriminator and a dual-coincidence gate to allow counting only during times when the discharge was on and electrical noise was at a minimum. This resulted in a low spurious-count rate, which was due mostly to scattered light in the spectrometer and continuum emission. The inherent dark count rate of the detection system was 0.3 count per second. Periodically the counters were interrogated by a Z-80-based microcomputer system, which was used to collect, store, and display the spectra.
For some of the Na spectra a filter consisting of a thin film of 50 nm of Sb sandwiched between two 10-nm layers of Ti 
EXPERIMENTAL RESULTS

A. Sodium
The emission scans for Na are shown in Fig. 2 . Table 1 lists the observed Na I features, and Table 2 lists the lines from higher stages-of ionization. Calibration of the spectrometer was accomplished by fitting the cyclical error in the scan drive to known ion lines. Additional calibration lines were observed by removing the Ti-Sb-Ti filter. This procedure resulted in an error in the listed wavelengths of ±0.01 nm.
The wavelength predictions (X pred.) shown in Table 1 were obtained from the calculations of Weiss 9 and the absorption measurements of Sugar et al. 010 as well as by combining the position of the 2p 5 3s3p 4P 5 / 2 level found in Ref. 10 with the accurate measurements of the relative quartet spacings made by Holmgren et al. 6 The intensities listed are the number of counts observed in 4000 pulses at a slit width of 30 m and are corrected for filter transmission. Correction is necessary since the filter transmission drops rapidly on the short-wavelength side of 40 nm.
For the Na I lines, the A coefficients and autoionizing times are computed using the RCN/RCG atomic-physics code. 12 The even-parity configurations included are 
B. Magnesium
The emission spectrum of Mg was recorded between 17 and 32 nm and is shown in Fig. 3 . Table 3 lists our identifications of Mg II transitions. Lines that are due to higher ionization stages of Mg and of the buffer gas are shown in Table 4 . The accuracy of these scans is ±0.02 nm, and the resolution is 0.1 nm. A coefficients, autoionizing rates, and wavelengths were again computed using the RCN/RCG atomic-physics code. 
DISCUSSION
A. Sodium Our identification of the Na I lines is based primarily on the research of Holmgren et al. 6 Holmgren used laser-induced fluorescence to measure accurately the relative positions of quartets in the 2p 5 3s3p and 2p In addition, rough intensity predictions were made based on A coefficients and autoionizing times calculated using the RCN/RCG atomic-physics code. These figures were used to compare the relative intensities of the Na I lines as well as to compare intensities with known Na II lines that are observed in both the XUV and visible regions. 22 at 24.9 nm, but fine structure was not resolved. Although the branching ratio for emission in the XUV for this level is expected to be poor because of strong autoionization, emission is observed because of the favorable mechanism for excitation of this configuration through inner-shell ionization of ground-level Mg atoms. Autoionizing times and radiative-decay rates have also been calculated for this con- 
IMPLICATIONS FOR LASERS
The relatively intense emission of the 2p 5 3s3p 4S3/ 2 level of both Na I and Mg II indicates the presence of relatively large excited-level populations. Although their small A coefficients probably preclude direct lasing, these levels are well suited as storage levels for store and transfer systems. Tables 5 and 6 give the RCN/RGN code parameters for XUV store and transfer lasers in these systems. In both systems, the target levels as well as the storage levels have been identified in this study.
